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1. Introduction. -Nuclear spin relaxation in liquid ' He is a compromise between two mechanisms.
(i) Intrinsic relaxation in the bulk, due to collisions of two particles via the dipole-dipole interactions. Because of motional narrowing, the corresponding relaxation rate is inversely proportional to the spin diffusion coefficient D.
(ii) Extrinsic relaxation on the walls, either on magnetic impurities or indirectly because the walls are coated with a layer of solid 'He where Tl is short. Such a mechanism requires diffusion to the wall, and the corresponding rate is -D.
Thus, altogether where A depends on the wall, B on the bulk. Around 1 K, the intrinsic Tl is of order a few minutes ; unless special precautions are taken, wall relaxation usually predominates. It is however possible to observe the intrinsic Tl by appropriate cleaning of the walls [1] .
Recently, it has been found that appropriate coating of the walls could reduce A drastically. Barbé, Laloë and Brossel [2] showed that a solid hydrogen coatting practically stopped wall relaxation around 1 K -a result confirmed by recent experiments of Taber [3] . Neon coating was studied by Chapman and Bloom, who argue that A is controlled by the adsorbed layer of 3He. Even more simply preferential adsorption of 'He can provide an insulating layer [5] which prevents formation of a further solid layer of 'He. From all these results, it appears possible to stop relaxation at the walls -at least at temperatures &#x3E; 0.1 K at which the diffusion coefficient is reasonably small (when D --&#x3E; oo, wall relaxations would always take over).
If that is so, Tl is long, in the range 1-10 min. It is then possible to achieve non equilibrium states, with a very large spin polarization, which would be unattainable in any reasonable magnetic field. More specifically, F. Laloë and C. Lhuillier [6] [8] [9] [10] . The exchange energy J responsible for such a Néel transition is probably due to rotational tunnelling of a pair of atoms around each other, in the anisotropic cage formed by the surrounding medium (2) . Recent experimental data [9] suggest that a moderate magnetic field, -4 kG, can turn the antiferromagnetic phase into a new state, apparently a weak ferromagnet [11] . At the moment there exists many interpretations of such a magnetic behaviour [12] exchange [13] , spin polarons around vacancies [14] , stabilization of the ferromagnetic state by zero point vacancies [15] We believe that the former case holds : liquid 3He is fundamentally a nearly rigid system, and extrapolating the low field susceptibility to large m is a reasonable rough approximation. As it stands, this is an act of faith. Only a microscopic calculation of Eo(m) could provide an unambiguous proof. Such a calculation is very hard. Low density expansions are of no avail for 'He : Oné must resort to molecular dynamics [18] . Preliminary calculations by Levesque [19] seem to support our contention -one must await more detailed results before concluding. As of now, it is better to rely on experiment : we shall see that the phase diagram of 'He in very high fields should provide an unambiguous answer.
Let us assume that extrapolation of (9) figure 4 . For large fields H it TF, ms reaches saturation, and Ap is instead controlled by mL. dp extends to higher temperatures, and it eventually washes out the minimum in the melting curve (dash-dot curve in Fig. 4) . Indeed, for fully polarized matter, there is no spin entropy left in the solid -hence'no Pomeranchuk minimum. The resulting melting pressure drop is sketched as a function of H on figure 6 , both at T = 0 (full curve) and at finite T (dotted curve). For H « T, Ap starts quadratically Since we are mostly concerned with melting, we first consider the Tl of the liquid (which is also easier to understand). Its low field behaviour [20] is sketched on figure 9 . Ti has a minimum at a temperature -0. figure 10 , it is clear that the particles that can take part in spin relaxation extend over a range H, instead of T. The situation is similar to the lifetime of a quasiparticle with e » T. In the latter case, detailed calculation shows that the transition probability is proportional to (n' T2 + e'). We can thus expect that in a field H » T, the relaxation Tl will be the same as in zero field at a temperature T' = 77/Tr. Since the maximum field is of order TF, T' should be a few tenths of a K, and the corresponding relaxation time should roughly correspond to the minimum of figure 9 , whatever the actual temperature T. We conclude that Tl will remain very long -several minutes -even in highly polarized liquid 3He. We now turn to the solid. For fairly high temperatures, T &#x3E; 1 K, relaxation is supposed to result from a modulation of the dipolar interaction by the random motion of vacancies. A recent review of the problem has been given by Landesman [21] . The figure 11 . The liquid has the same magnetization as the bulk solid, the effective magnetic field H building up only in the surface sheath of width Â.
With a typical DS = 3 x 10-8 cm2/s, and an interface velocity 10 -3 cm/s, the surface sheath is very narrow (3 000 Â). The [7] . Two effects act in the same direction (i) The full spin polarization will increase the width of the vacancy band. In such a case, the various paths in the crystal all contribute coherently to the construction of a vacancy Bloch wave, and the narrowing effect found in disordered spin systems [24] does not exist.
(ii) The lowering of the pressure reduces the activation energy, even in zero field.
If one extrapolates the observed value [25] [15] ). This is a problem in itself which we are currently studying. In any case, whether that phase exists or not does not affect our thermodynamics arguments.
